Constructivism and social development theories of learning and teaching emphasize students centered approaches. Inquiry is one of these approaches. Many authors maintain that inquiry leads to better student performance in science. Others limit the importance of inquiry to the more talented students; still others relate negative effects of inquiry approaches based on the absence of pre-requisites for such a demanding strategy. What does PISA 2006 show in terms of achievement in science and the use of inquiry approaches? The study analyses the impact, on achievement, of the four clusters of teaching and learning strategies, as defined by PISA 2006, which are the use of applications and models, hands-on-activities, interaction, and student investigations. The study also compares the impact in Spain, France, United Kingdom, Turkey, USA, Greece and Finland. A secondary analysis using a hierarchical linear model (HLM) was performed to answer our research questions. Within the included countries, students reporting higher frequency of student investigations in science teaching and learning, tend, on average, to have lower achievement in science. On the other hand, within these countries, students who report higher frequencies of teacher emphasis on use of applications in the science classroom tend to have, on average, higher PISA 2006 science achievement scores. At first glance, the findings imply that we cannot expect better performance based on high-level use of student investigations.
Introduction
Developing an inquiry mind and supporting inquiry strategies has been considered along the last 50 years of science education as one of its important goals. In PISA 2006 the Knowledge about science includes the category of scientific inquiry and scientific explanations. The student questionnaire in PISA 2006 includes an examination of the student's perspectives on the teaching and learning occurring, in the science classroom, which can be considered as inquiry oriented strategies. Constructivism and social development theories of learning and teaching emphasize student -centered approaches. Inquiry is one of these approaches. Many authors maintain that inquiry leads to better student performance in science. Others limit the importance of inquiry to the more talented students; still others relate negative effects of inquiry approaches based on the absence of pre-requisites for such a demanding strategy. Kirschner et al (2006) considers that there is evidence from empirical studies over the past half -century that consistently indicates that minimally guided instruction is less effective and less efficient than instructional approaches that place a strong emphasis on guidance of the student learning process. And also that the advantage of guidance begins to recede only when learners have sufficiently high prior knowledge to provide "internal " guidance. Schneider et al. (2002) found that 10th and 11th grade students who took part in a Project Based Science (PBS) curriculum scored significantly higher than a NAEP subsample on 44% of the items with most of the higher scores concentrated among questions emphasizing scientific investigations. Von Secker (2002) finds that five inquiry-based teaching practices, individually and collectively, are positively associated with 10th grade student achievement as measured by performance on a standardized science examination. Teacher centred instruction negatively impacts student performance (the effect size is -0.47; p<0.000; α=0.05), yet laboratory inquiry positively relates. Interestingly, though critical thinking (which is a core tenet of deeper learning) is positively related to achievement, it is not significantly different from zero (Von Secker & Lisstz, 1999 : 1119 .
What does PISA 2006 shows in terms of science literacy and the use of inquiry approaches?
The study
In this study we have considered the definition of scientific literacy as OCDE has assumed it in the instruments used. It includes competencies, knowledge and attitudes. The Scientific competencies are: Identifying scientific issues (ISI); explaining phenomena scientifically (EPS); and using scientific evidence to draw conclusions (USE). The Scientific Knowledge includes the knowledge of science and about science. The attitudes towards science are: Interest in science, Support for scientific inquiry and Responsibility toward resources and environment.
This study analyses the impact, on student's achievement, of the four clusters of teaching and learning strategies, as defined by PISA 2006, which are: Hands-on-activities (SCHANDS); Interaction (SCINTACT); Student investigations (SCINVEST); The use of applications and models (SCAPPLY). The study also compares this impact in Finland, Greece, Portugal, Spain, Turkey, United Kingdom and USA.
This study uses PISA 2006 data: the student performance on the scientific literacy test and their attitudes, measured by the student questionnaire, concerning the student experiences of communication and learning activities in their science classroom.
The 2006 PISA sample in Portugal consisted of 5109 students in 173 schools, all between the ages of 15 years months and 16 years 2 months.
Results
The figures that follow show the situation of the science score versus the four indexes considered to describe the learning and teaching in the class as considered by students when answering the questionnaire for each and the point corresponding to each quartile for the different countries considered. As we can see there are different situations for each country mainly in SHANDS. In INVEST at a higher Index corresponds lower science means score in all countries considered.
To allow an analysis of the situation considered some other variables constant we run HLM with the results in the following tables. Table 1 shows the results of two hierarchical linear models for the science performance of Portuguese students.
Model 1 includes base variables of gender ESCS and XESCS as well as the four inquiry-centered variables Handson-activities (SCHANDS), Interaction (SCINTACT), Student investigations (SCINVEST), and the use of
Applications and models (SCAPPLY). In the fitted model, Gender, ESCS and XESCS all contribute significantly. At the level of the inquiry-based student opinions, the focus on Applications and models contributes significantly, adding more than 19 points to an average student's score. On the other hand, the significant contribution of the use of Student investigations is negative: a one-point increase in student assessment of the use of investigation leads to a decrease of more than 30 points in an average student's score, controlling for gender and ESCS at two levels. The Interaction factor is also negative and significant, but with a smaller effect of 4.5 points. Table 2 shows the change in score coefficient (CIS) for the same hierarchical linear model applied to the seven countries in the study. SCAPPLY contributes positively, and significantly, in all seven countries. SCINVEST contributes negatively and significantly in all seven. Both direction and magnitude of CIS vary among the countries for the variables SCINTACT and SCHANDS. Hands-on activity seems to be efficacious in Finland, the USA, and the UK. Its effect is negative in Greece and Turkey, and it has no effect in Portugal and Spain. SCINTACT has a positive effect only in Turkey; all other countries show a negative effect that is significant in Finland, Spain, USA, and Portugal. Tables  3, 4 and 5 present the CIS coefficients for each of the three components of literacy, respectively EPS, ISI, and USE. For all three components, the same general pattern is observed: SCAPPLY contributes positively, and significantly, in all seven countries; SCINVEST contributes negatively and significantly in all seven; and greater variation of results is seen for SCINTACT and SCHANDS. Finally, Table 6 presents the model predicting Support for Scientific Inquiry. Once again, SCAPPLY contributes positively, and significantly, in all seven countries; SCINVEST contributes negatively and significantly in all seven.
We also considered important to analyze the way these clusters of items aggregated in the four indexes were associated with science interest. Interest in science is in every country positive and significantly associated with teaching with a focus on models or applications. The same happens with hands-on activities with the exception in Turkey. Interaction has only impact in Spain, Turkey and USA even though in a lesser degree in USA. But student investigations have a moderate negative influence in some countries and only positive in USA and UK and Spain but in a moderate degree of significance.
Conclusions
Science teaching with a focus on models or applications (SCAPPLY) influences positively scientific literacy in all countries.
Science teaching with a focus on student's investigations has a negative impact in the scientific literacy in these countries.
Science teaching based on hands-on activities and interaction has conflicting results when considered its influence in scientific literacy scores. SCHANDS has a significant negative effect, but only in Greece and Turkey. SCINTACT has a significant positive effect only in Turkey.
The teaching methodologies most considered, as good practices in science teaching, at least as students perceive them, are not always associated with a good performance of these students in the scientific literacy scores. This represents a problem that deserves to be answered in other research contexts where variables could be controlled.
Do we have a problem in the methods we have been reinforcing in science education or do we have a problem in which concerns he validity of the students' questionnaire? We do not have results by class but only by schools and for this reason it is impossible to verify if for example in a specific class the students are answering in a convergent way about what they describe as happening in their science classes. This could give us an indication of the accuracy how they describe what they think is going o in their classes when answering the questionnaire.
Overall, the findings raise concern over what PISA measures scientific literacy and scientific inquiry (Lau,K. ((2009) .
